To clarify the role of color Doppler echocardiography in the evaluation of mitral valve prolapse, we studied 49 consecutive patients in whom the sites of mitral valve prolapse were confirmed at the time of operation. The study group consisted of 22 patients with anterior leaflet prolapse, 24 patients with posterior leaflet prolapse, and three patients with multiple scallop prolapse (one patient with both anterior leaflet and middle scallop prolapse, and two patients with both medial and lateral scallop prolapse). Two-dimensional echocardiographic diagnosis of anterior leaflet prolapse was correct in all patients. The diagnosis of posterior leaflet prolapse by two-dimensional echocardiography, however, was mistaken as anterior leaflet prolapse in 16 (13 patients with medial scallop prolapse and three patients with lateral scallop prolapse) of the 24 patients according to current diagnostic criteria for mitral valve prolapse. Eight patients with middle scallop prolapse were diagnosed correctly by two-dimensional echocardiography. Acceleration flows in the left ventricle were observed by color Doppler echocardiography in all 49 patients. The sites of acceleration flows detected by color Doppler echocardiography coincided with those of prolapse confirmed in all at the time of operation. There was a significant correlation between the maximum area of acceleration flow signals and severity of mitral regurgitation estimated by angiography. In the 13 patients with medial scallop prolapse and the three patients with lateral scallop prolapse, a regurgitant jet originated from a bulged portion of the posterior leaflet and was directed toward the opposite left atrial cavity to the bulged portion by short-axis images of color Doppler echocardiography. In the remaining 30 patients with single prolapse, a regurgitant jet again was directed toward the left atrial cavity opposite to the prolapsed scallop. In three patients with multiple scallop prolapse, it was difficult to determine the direction of the regurgitant jet by color Doppler echocardiography because of multiple regurgitant jets in the left atrium. In these three patients, however, two acceleration flows in the left ventricle were detected, and the sites of acceleration flows coincided with those of prolapse confirmed at the time of surgery. Thus, information on acceleration flows and direction of regurgitant jets detected by color Doppler echocardiography is useful in the detection of the site of mitral valve prolapse. (Circulation 1990;81:879-885) Two-dimensional echocardiography has been proven useful in the detection of mitral valve prolapse.1-9 As the clinical experience has grown, however, limitations in the specificity of two-dimensional echocardiography for the diagnosis of this disorder have been demonstrated.5,7 FurtherFrom the
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Two-Dimensional Echocardiography
Two-dimensional echocardiographic studies were performed using either an Aloka SSD-880 (Tokyo, Japan) or a Toshiba SSH-65A (Tokyo, Japan) and a 2.5-or 3.5-MHz transducer. The integrity of the mitral apparatus was evaluated using the parasternal longand short-axis views, apical long-axis, and four-chamber views. The presence or absence of mitral valve prolapse was determined using previously published criteria.5
Color Doppler Echocardiography
Color Doppler examinations were performed with a commercially available system (Toshiba SSH-65A) and a 2. velocities up to 75 cm/sec, with a scanning rate of 12 frames/sec. Flow directed toward the transducer is conventionally coded in red, whereas flow directed away is coded blue. Variations in velocity are presented by brightness and intensity of color. Because the color Doppler system is based on a pulse mode, the magnitude of flow velocity is limited in all points of the ultrasound sector. If turbulence occurs, green is added to the red or blue underlying color, thus changing the basic color tonality, with a resulting mosaic pattern. Doppler color gain was optimized as described previously.20 Pictures were obtained with a Polaroid camera placed in front of a color TV monitor. Doppler windows used were parasternal long-axis and short-axis views and apical long-axis and four-chamber views. Acceleration flow signals were presented as a homogeneous bluish-green flow with a central zone that is colored in yellow because of the aliasing of the Doppler frequencies. When the acceleration flow signals were identified, care was taken to detect the maximum area of acceleration flow signals by shifting and tilting the transducer. Direction of the mitral regurgitant jet was defined as indicated in Figure 1 .
To evaluate the correlation between acceleration flow signals and severity of mitral regurgitation, the area of acceleration flow signals was measured in 51 consecutive patients who underwent left ventriculography. To compute the maximum area of acceleration flow signals with orthogonal planes, videotapes were carefully analyzed frame by frame. With a software program already incorporated in the equipment, the outline of acceleration flow signals was traced with a joystick, and the area was measured by computerized planimetry. If more than one acceleration flow were visualized, they were added for calculation of lesion severity. The maximum area of acceleration flow signals, which was obtained by measuring the largest area of those obtained from three orthogonal planes, was compared with angiographic gradings.
Left ventriculograms for comparison were evaluated by a cardiologist who did not know the Doppler echocardiographic findings, and the severity of mitral regurgitation was graded according to the classifica- (Table 3) . In 13 patients with medial scallop prolapse, a regurgitant jet was directed toward lateral left atrial cavity in 11 patients and toward the posterior and lateral portion of the left atrium in two patients (Table 4 ). In three patients with lateral scallop prolapse, a regurgitant jet was directed toward the medial portion of the left atrium in two patients and toward the posterior and medial portion of the left atrium in one. A regurgitant jet was directed toward the anterior and central left atrial cavity in all eight patients with middle scallop prolapse.
Multiple Scallop Prolapse
In two patients with both medial and lateral scallop prolapse, the diagnosis of the presence of mitral valve prolapse was made by two-dimensional echocardiography but the site of prolapse was misdiagnosed as anterior leaflet prolapse. In one patient with anterior leaflet prolapse and middle scallop prolapse, sites of prolapse were diagnosed correctly by twodimensional echocardiography. In these three patients, two acceleration flows in the left ventricle were observed (Figure 4 ) by color Doppler echocardiography, and the sites of acceleration flows coincided with the sites of prolapse confirmed at the time of surgery. It was difficult, however, to determine the correct direction of the regurgitant jet by color Doppler echocardiography because of multiple regurgitant jets in the left atrium in patients with multiple scallop prolapse. 
Discussion
In the present study, we attempted to detect, by using color Doppler echocardiography, the origin of the mitral regurgitant jets at the mitral orifice as well as the direction of the regurgitant jet in the left atrium, and to examine the relations of the origin and direction of the regurgitant jet and the site of prolapse confirmed at surgery.
Relation Between the Prolapsed Site and Direction of the Regurgitant Jet
Although diagnosis in regard to the presence of mitral valve prolapse was made by using twodimensional echocardiography in all 49 patients with mitral valve prolapse, the site of prolapse was not correct in 16 of 24 patients with posterior leaflet prolapse. Two-dimensional echocardiographic diagnosis of the site of anterior leaflet prolapse was correct in all patients, however, the diagnosis by two-dimensional echocardiography of posterior leaflet prolapse was mistaken as anterior leaflet prolapse in 16 of 24 patients, according to current diagnostic criteria for mitral valve prolapse. Color Doppler echocardiography, however, revealed a characteristic pattern of the direction of mitral regurgitation signals in patients with posterior leaflet prolapse. Short-axis images of color Doppler echocardiography showed that the regurgitant jet was directed toward the lateral portion of the left atrium in patients with medial scallop prolapse, toward the anterior portion of the left atrium in patients with middle scallop prolapse, and toward the medial portion of the left atrium in patients with lateral scallop prolapse. Thus, the diagnosis of the damaged site of the leaflets can be made from the direction of the regurgitant jet.
Role ofAcceleration Flows by Color Doppler Echocardiography
In patients with mitral stenosis, acceleration of the blood flow is observed just proximal to the orifice; however, there are no reports regarding the role of acceleration flows in patients with valvular regurgitation. Our study demonstrated that acceleration flow signals in the left ventricle as seen by using color Doppler echocardiography are very useful in the diagnosis of the site of mitral valve prolapse. In the present study, the site of acceleration flow in the left ventricle detected by color Doppler echocardiography coincided with the site of mitral valve prolapse confirmed in all at the time of operation. On the On the other hand, color Doppler echocardiography enables one to observe two-dimensional aspects of both anatomic lesion and blood flow abnormalities in realtime. In the present study, the overall direction and site of regurgitation in the mitral valve are closely related to the condition of the underlying valve lesion. Thus, the information on the direction and site of acceleration flow estimated by color Doppler echocardiography is useful in defining the site of regurgitation as well as any other abnormalities that might be present, and in confirming the successful repositioning of structures postoperatively.
